Introduction
============

Chronic obstructive pulmonary disease (COPD) is a progressive disorder characterized primarily by airflow limitation, resulting in exertional dyspnea with expiratory wheeze, cough, and sputum production. Patients often experience acute exacerbations with progressive worsening of symptoms, which can have a significant impact on functional capacity and health-related quality of life (QoL). In the UK, as seen in other developed countries,[@b1-copd-8-613]--[@b3-copd-8-613] COPD is a major cause of morbidity and mortality, and poses a major burden to society not only in terms of cost to health care services but also through loss of productivity.[@b3-copd-8-613],[@b4-copd-8-613]

Although recommended treatment and selection criteria vary slightly across current guidance, broad consensus exists for pharmacotherapy.[@b1-copd-8-613]--[@b3-copd-8-613] Most recommendations are based upon disease severity, with assessment and stratification primarily based upon respiratory function, as measured by forced expiratory volume in 1 second (FEV~1~) expressed as percentage predicted. While the Global initiative for chronic Obstructive Lung Disease (GOLD) guidelines stratify patients into four groups (GOLD stages I--IV) based upon a range of FEV~1~% thresholds; in the UK the National Institute for Health and Care Excellence, endorsed by the British Thoracic Society, currently recommends treatment for two groups of patients, based upon whether FEV~1~ is \<50% or ≥50%.[@b5-copd-8-613] Key treatment strategies include stepwise use of short-acting bronchodilators such as short-acting β~2~-agonists (SABAs) or short-acting muscarinic antagonists (SAMAs) for relief of acute symptoms. In patients with GOLD stage I or in patients with disease progression, long-acting β~2~-agonists (LABAs) or long-acting muscarinic antagonists (LAMAs) are recommended in suitable patients. Inhaled corticosteroids (ICS) are usually given in fixed combination with an LABA, although some patients may be reluctant to use or unable to tolerate ICS.

In clinical practice, there is a wide range of both agents and dosing schedules available for use, for which the supporting evidence is derived primarily from a number of large randomized controlled trials. Indacaterol, the first ultra-long-acting LABA to be approved with a 24-hour bronchodilatory effect allowing for once-daily administration, is an important treatment option, alone or in combination with other inhaled long-acting bronchodilators.[@b6-copd-8-613]--[@b8-copd-8-613] Widely investigated prior to approval in six Phase III, randomized, double-blind trials, indacaterol significantly improved lung function when compared with placebo, tiotropium, formoterol, and salmeterol,[@b7-copd-8-613],[@b9-copd-8-613],[@b10-copd-8-613] and has been shown to reduce dyspnea, lower rescue-medication use, improve QoL, reduce the incidence and number of exacerbations, and delay the time to both first exacerbation and first hospitalization, particularly when compared with placebo.[@b6-copd-8-613],[@b8-copd-8-613],[@b9-copd-8-613],[@b11-copd-8-613],[@b12-copd-8-613] In our primary care practice, which treats more than 300 patients with COPD, a range of audits are now undertaken, including audit of those patients with moderate-to-severe COPD requiring therapy escalation or switching because of poor symptom control or exacerbation frequency. Reported here are the results of one such audit: that of patients switched from existing therapy to treatment with indacaterol, either as monotherapy or in combination with other licensed agents. This group, which forms about 5% of our COPD patients, was audited for changes in exacerbation rate, lung function, and self-reported patient-centered outcomes on QoL after 12 months of treatment with indacaterol.

Materials and methods
=====================

Data were collected for all patients treated with indacaterol following treatment escalation or treatment change because of failure with other therapies. Inclusion for analysis was restricted to patients treated for a minimum of 12 months with indacaterol for whom pre-initiation and follow-up spirometry and exacerbation frequency data were available. Treatment failure was defined as poor symptom control, with increasing dyspnea and frequency of exacerbations while on treatment with approved COPD therapies. COPD exacerbation was characterized as a physician visit during which a clinical diagnosis of acute exacerbation was made (productive cough, dyspnea, and worsening of symptoms, requiring prescription of an oral corticosteroid or antibiotic within 5 days of the visit), or where hospital referral was necessary.[@b13-copd-8-613] Classification of COPD severity was based on spirometric guidelines of GOLD. Pulmonary function was assessed by spirometry (recorded as FEV~1~% predicted). In all patients, spirometry was performed using a SpidaXpert (CareFusion, Höchberg, Germany) spirometer following bronchodilation with salbutamol; the findings were analyzed using SpidaXpert software.

For audit purposes, treatment duration was defined as the first record of a prescription for indacaterol (the index date) to the date of data extraction (April 2013). COPD medication use (ie, pre-initiation) on the index date was recorded. Annual exacerbation rates over a 12-month period before and after initiation of indacaterol were compared. A subgroup of patients with frequent exacerbations, defined as patients who had three or more exacerbations in the 1-year period prior to indacaterol, were identified for a separate subgroup analysis.

Outcome assessment
------------------

Pulmonary function, the total number of exacerbation events, and the annual exacerbation rate occurring within the follow-up period were the chosen audit outcomes, in part as such data is recorded in routine clinical care. Also recorded in descriptive terms based upon patient interviews at assessment was self-reported qualitative information for QoL assessment, including dyspnea severity, exercise tolerance, general feeling of well-being, and satisfaction with current therapy.

Statistical analysis
--------------------

Data are presented as means ± standard deviation (SD) for continuous outcomes, and counts and percentages for categorical variables. The percentage of patients with at least one COPD exacerbation and the number of unique exacerbations were described in the overall sample and the subgroup with at least three exacerbations in the previous year. Comparisons of respiratory function and exacerbation rates in the 1-year period prior to the index date and after indacaterol were made using a paired *t*-test, with statistical significance set at *P*\<0.05.

Results
=======

Our records identified 15 patients who received indacaterol either alone or in conjunction with existing therapies for a minimum of 12 months (66.6% male, age 64.9±7.7 years, [Table 1](#t1-copd-8-613){ref-type="table"}). Twelve patients were ex-smokers and three were current smokers, while two patients also had a history of occupational dust exposure. Comorbid conditions of note included tuberculosis in one patient and steroid-associated Cushingoid changes in another. COPD disease duration ranged from 1 to 22 years; 93% had moderate-to-severe GOLD stage II or III COPD. Follow-up ranged from 12 to 27 months. At the index visit (prior to indacaterol initiation), patients were receiving a range of established agents, including SABA (salbutamol) or LAMA (tiotropium) monotherapy, and multiagent regimens involving an SABA, SAMA, LABA, LAMA, and ICS in various combinations (see [Table 1](#t1-copd-8-613){ref-type="table"}). All patients used an SABA as rescue medication as needed. Eight (53%) patients were receiving fixed-dose ICS/LABA inhaler, four of whom were also receiving tiotropium (as triple therapy), while the remaining seven (47%) were receiving monotherapy, either an SABA (n=3), an SAMA (n=1), or tiotropium (n=3).

Treatment failure is characterized in [Table 1](#t1-copd-8-613){ref-type="table"}. In all patients, poor symptom control was documented, with frequent exacerbations also documented in six patients. Treatment-related adverse effects with steroid therapy were also reported; one patient declined ICS and chose to receive indacaterol as an alternative agent. Indacaterol replaced LABA/ICS in seven out of eight patients, and was given as escalated treatment in addition to tiotropium in five patients. All patients received indacaterol delivered via the Breezhaler® (Novartis, Basel, Switzerland) device at an initial once-daily dosing of 150 μg. During follow-up, one patient was prescribed indacaterol 300 μg once daily.

Complete spirometry data were available in 14 patients ([Figure 1](#f1-copd-8-613){ref-type="fig"}). While the majority of patients had moderate or severe COPD, as a group there were no significant changes in lung function (*P*=0.39). Prior to switching, the mean (SD) FEV~1~% predicted across all these patients was 54.5% (15.8%), and at the last assessment (after a minimum of 12 months on indacaterol), 57.1% (20.4%). However, changes were seen on an individual patient basis. While spirometry was effectively unchanged in a third of patients, improvements were seen in a third and decline in the remainder. Exacerbation frequency was available in 13 patients ([Figure 2](#f2-copd-8-613){ref-type="fig"}). In the 12 months prior to indacaterol, eleven patients experienced one or more exacerbations (range 0--10, mean 3.31±0.87, SD 3.15); in the follow-up period, exacerbation rate was significantly reduced (range 0−3, mean 1.54±0.31, SD 1.13; *P*=0.02). In six patients classified as suffering frequent exacerbations, mean exacerbation rate fell significantly from 5.43±1.07 to 2.43±0.2 after 12 months treatment with indacaterol (*P*=0.02).

Treatment with indacaterol was generally well tolerated, with no adverse effects reported. Although not formally measured, patient satisfaction was high, with all patients wishing to continue with indacaterol as part of current therapy. Reduction in breathlessness (53% of patients), improved exercise tolerance (67%), and expressions of improved well-being (93%) were reported after indacaterol.

The majority of patients did not show changes in the severity of COPD during the treatment period; on the basis of spirometry alone, three patients improved their GOLD stage (two patients improved from stage II to I and one patient from stage III to II), and two patients progressed from GOLD stage III to IV. However, both patients who showed progression from stage III to stage IV had reduction in exacerbation rate and also self-reported improvement in QoL.

Discussion
==========

In this single-center primary care COPD cohort, our findings suggest that indacaterol had clinical benefits in patients with moderate-to-severe COPD who remained symptomatic and showed disease progression on alternative therapies and/or were intolerant of or reluctant to take ICS. The benefits (reduction in acute exacerbation rates with no significant deterioration in lung function, and improvements in QoL) are consistent with those reported in the clinical trial program for indacaterol and summarized in recent reviews[@b6-copd-8-613],[@b8-copd-8-613] and are reassuring, especially as there were limited data reported from the primary care setting on switching from existing therapies to an indacaterol-containing regimen.

In this cohort, use of indacaterol alone or in combination with other agents for 12 months resulted in significant reductions in exacerbation rate compared with previous therapies. Of those patients who were switched to indacaterol due to frequent exacerbations (three or more in the last year prior to switching), a similar reduction in exacerbation rate was found. In some cases, substantial reductions in annual rate were seen, with one patient falling from ten to three, and another from eight to two per year ([Figure 2](#f2-copd-8-613){ref-type="fig"}). While previous placebo-controlled studies found that treatment with indacaterol resulted in reduced exacerbation rates,[@b9-copd-8-613],[@b14-copd-8-613] the data reported here suggest a benefit in patients failing active treatment in a primary care setting. These included four patients previously receiving triple therapy, three of whom responded when switched to an indacaterol based LABA-- LAMA combination with steroid discontinuation.

Although the data regarding patient-reported QoL outcomes are descriptive rather than quantitative, a product of the retrospective nature of this study, the findings show a high level of satisfaction, with the majority describing improvements in well-being and exercise tolerance and reductions in dyspnea symptoms. Again, this is in keeping with current data for indacaterol.[@b9-copd-8-613],[@b15-copd-8-613],[@b16-copd-8-613]

While no overall trend toward improvement or decline in FEV~1~% was found following use of indacaterol, the magnitude of individual improvements was greater than that for decline, although the significance of this finding is unclear. Two patients who showed progression from stage III to stage IV reported improvements in QoL and reduction in exacerbation rates. This raises the issue that reclassifying these patients as showing clinical disease progression purely based on spirometry may not be entirely appropriate, and indeed is in keeping with the growing recognition that, while important and reproducible, FEV~1~% values alone may be only weakly associated with other aspects of COPD disease status.[@b6-copd-8-613]

While the data reported here are consistent with the clinical benefits for indacaterol reported in prospective studies, it should be noted that in the majority of our patients, indacaterol was given in combination with tiotropium, a treatment combination compliant with recommended guidance for use of LABA--LAMA combinations in patients who remain symptomatic on existing therapy.[@b1-copd-8-613]--[@b3-copd-8-613] As such, the benefits seen may relate to an effect of this indacaterol--tiotropium combination. While further data from ongoing studies are needed, current data suggest that indacaterol--LAMA combinations, including QVA149 (a fixed-dose combination of indacaterol and glycopyrronium), provide benefits across a variety of clinically important COPD outcomes compared with placebo and existing agents.[@b16-copd-8-613]--[@b20-copd-8-613] In this context, our experience from a primary care setting supports the use of indacaterol as part of an LABA--LAMA combination approach. This includes those patients who either remain symptomatic with or are unable or unwilling to use ICS.

Aspects of this audit are of value. No such studies from a single-center primary care setting have reported on experience with the once-daily LABA indacaterol, which has been available for use since 2011. As such, it may be of interest to those working in a similar setting. However, as a study, it has a number of limitations, chiefly related to its retrospective/audit nature, small number of subjects (and risk of associated selection bias), and the fact that indacaterol was usually given along with other agents, in most cases tiotropium. Furthermore, until recently, quantitative assessments of QoL, such as St George's Respiratory Questionnaire scores, were not routinely performed in our clinical practice, and so quantitative preswitching and postswitching data were not available for patient-centered outcomes. Also, as the data extracted were derived from routine clinical practice rather than for study-specific purposes, there was no mechanism in place to capture other valuable information, such as patient diaries that routinely record the use of rescue medication. However, it is important to provide some information from the patient's perspective, which does indicate self-perceived benefits and treatment satisfaction. From a statistical perspective, the small number of patients (n=15) and the absence of any external control group does not allow for more robust statistical analyses, and the unblinded nature of the study dictates that an element of physician and patient bias may exist with respect to evaluation of some end points. These limitations have been highly educational to our practice, with changes introduced to make ongoing and future audits and formal studies of our patients more robust. It is hoped that the experiences discussed in this report may act as a stimulus for similar work from other primary care settings, and that the open reporting of limitations inherent in this audit may be informative for colleagues.

In summary, indacaterol was found to be an effective treatment in suitable patients with moderate-to-severe COPD within a primary care setting. Its use alone or in combination with tiotropium significantly reduced the number of acute exacerbations. Benefits in self-reported QoL (dyspnea and exercise tolerance) were also seen.
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![(**A**) Spirometry (FEV~1~% predicted) prior to switching and after a minimum of 12 months of indacaterol treatment. Complete spirometry data were available for 14 patients. Prior to switching, the mean (SD) FEV~1~% predicted across all these patients was 54.5% (15.8%), and at the last assessment (after a minimum of 12 months on indacaterol) 57.1% (20.4%). No statistical differences in pre- and postswitching spirometry were seen, either for the cohort as a whole (*P*=0.39) or for comparisons based upon disease severity. (**B**) Individual percentage change in FEV~1~% predicted after a minimum of 12 months of indacaterol. Changes were seen on an individual patient basis. In five patients, notable improvement in spirometry was seen, while in five patients deterioration was observed; in four patients, FEV~1~ was relatively unchanged.\
**Abbreviations:** FEV~1~, forced expiratory volume in 1 second as a percentage of forced vital capacity; SD, standard deviation.](copd-8-613Fig1){#f1-copd-8-613}

![(**A**) Mean annual exacerbation rates immediately prior to and after a minimum of 12 months of indacaterol therapy. Exacerbation frequency was available in 13 patients. (range 0--10, mean 3.31±0.87, SD=3.15). Following switching to indacaterol, mean exacerbation rate fell significantly (range 0--3, mean 1.54±0.31, SD=1.13; *P*=0.02). In six patients classified as suffering frequent (three or more per year) exacerbations, mean exacerbation rate fell significantly from 5.43±1.07 to 2.43±0.2 after 12 months treatment with indacaterol (*P*=0.02). \**P*=0.02. (**B**) Individual annual exacerbation rates in the 12 months prior to switching and the last 12 months of indacaterol treatment. On an individual patient basis, a reduction in frequency of acute exacerbations was seen in nine of 13 patients (69%).\
**Abbreviation:** SD, standard deviation.](copd-8-613Fig2){#f2-copd-8-613}

###### 

Baseline demographics and clinical characteristics of included patients

                                                                 n=15
  -------------------------------------------------------------- --------------------
  Age, years                                                     
   Mean (SD), range                                              64 (7.7), 52--74
  Sex, n (%)                                                     
   Male                                                          10 (66.6)
   Female                                                        5 (33.3)
  Mean (SD) duration of COPD, years, range                       6.3 (6.0), 1--22.5
  COPD severity, n (%)                                           
   Mild                                                          1 (6.7)
   Moderate                                                      9 (60)
   Severe                                                        5 (33.3)
   Very severe                                                   --
  Smoking status, n (%)                                          
   Ex-smoker                                                     12 (80)
   Current smoker                                                3 (20)
  Mean (SD) preswitching postbronchodilator FEV~1~% predicted    54.2 (15.3)
  COPD exacerbation history, n (%)                               
   0                                                             --
   1                                                             3 (20)
   ≥2                                                            8 (72.7)
  Indication for switching, n (%)                                
   Poor symptom control                                          15 (100)
   Frequent (≥3/year) exacerbations                              6 (40)
   Unsuitable for ICS                                            3 (20)
  Preswitching agents, n (%)                                     
   SAMA/SABA                                                     4 (26.7)
   LAMA                                                          3 (20)
   LABA/ICS                                                      4 (26.7)
   LAMA + LABA/ICS                                               4 (26.7)
  Postswitching agents, n (%)                                    
   Indacaterol                                                   3 (20)
   Indacaterol + LAMA                                            11 (73.3)
   Indacaterol + LAMA + LABA/ICS                                 1 (6.7)
  Mean (SD) duration of treatment postswitching, months, range   17.3 (6.1), 12--27

**Abbreviations:** SD, standard deviation; COPD, chronic obstructive pulmonary disease; LABA, long-acting β~2~-agonist; SABA, short-acting β~2~-agonist; LAMA, long-acting muscarinic antagonist (tiotropium); SAMA, short-acting muscarinic antagonist; ICS, inhaled corticosteroids; FEV~1~, forced expiratory volume in 1 second as a percentage of forced vital capacity.
